Background: Despite significant evolutional, functional, and clinical interest, the anatomical variations of the temporomesial structures in cadaveric samples have received little attention. This study was undertaken to document the anatomical variations observed in the temporal lobe of human brain with emphasis on the structures present in temporomesial region. Materials and Methods: Using 26 postmortem cadaveric cerebral hemispheres (13 right and 13 left hemispheres), several neurosurgically significant mesial structures were studied by blunt dissection under the operating microscope. The observed surface-based qualitative variations and right-left asymmetries were tabulated under well-defined, moderately defined, and ill-defined classification. Results: Among the areas, uncus (100%), limen insulae (88.4%), rhinal sulcus and hippocampus (81%), intralimbic gyrus (77%), Heschl's gyrus (73%), gyrus ambiens, semilunar gyrus, sulcus semiannularis, and calcar avis (69.2%) were well defined, and band of Giacomini (38.4%) was found to be distinctly ill-defined areas in the list. Further, our analysis confirmed the presence of consistent left-greater-than-right asymmetry in all the areas of interest in temporal region under well-defined category. Rightward asymmetry was noticed in moderately defined and ill-defined classification. However, no asymmetry was detected in the uncal region. P value for all the obtained results was >0.05. Conclusion: Our study offers a preliminary anatomic foundation toward the better understanding of temporal lobe structures. These variations may prove valuable to neurosurgeons when designing the appropriate and least traumatic surgical approaches in operating the temporomesial lesions.
Introduction
T he anatomy of the human temporal lobe is complex, to say the least. It is one of the common locations for several brain pathologies such as gliomas, vascular malformations, mesial temporal scleroses, and viral infections. It is responsible for auditory perception, [1] memory, [2] speech, [3] language comprehension, [4] emotional responses, [5] visual perception, [6] and facial recognition [7] among various known functions.
Several reports have been published on the neurosurgical anatomy of the medial temporal structures. [8] [9] [10] [11] [12] However, a detailed cadaveric account of the anatomical variability and symmetrical pattern of the medial temporal the aforementioned areas. Normal variations in these structures need to be well defined before one can use these structures to describe abnormal conditions. Further, correlating this topographical anatomical knowledge with existing radiological and surgical approaches may help to plan the most apt and safest surgical interventions.
Anatomical consideration
The temporal lobe lies inferior to the lateral sulcus (sylvian fissure) and imaginary horizontal line (temporooccipital line), limited posteriorly by an another imaginary vertical line (lateral parietotemporal line) joining the preoccipital notch to the parietooccipital sulcus [ Figure 1 ]. [13] The temporal lobe has four surfaces: (1) the basal surface, (2) the lateral surface, (3) the superior or opercular surface, and (4) the mesial surface. The superior surface is limited posteriorly by the Heschl's gyrus, the most anterior of the transverse temporal gyri, which blends around the margin of the sylvian fissure into the superior temporal gyrus. [14] Owing to the complexity, mediobasal temporal lobe was divided into three regions in an anteroposterior plane: the anterior segment extending from the rhinal sulcus to the choroidal point; the middle segment extending from the choroidal point to the posterior aspect of the quadrigeminal plate; and the posterior segment consisting of the mediobasal temporal lobe posterior to the quadrigeminal plate. [10, 11, 15] The anterior segment of mesial surface of temporal region is formed by the uncus and the entorhinal cortex. The uncus has an anterior and a posterior segment, which come together at a medially directed prominence, the apex of the uncus. The anterior segment of the uncus, a part of parahippocampal gyrus, encloses the semilunar gyrus and the ambient gyrus. The semilunar gyrus is positioned on the upper part of the anterior segment, above the cortical nucleus of amygdala. Superolaterally, this gyrus is isolated from the anterior perforated substance by the entorhinal sulcus and optic tract and anteromedially, from the ambient gyrus by the semiannular sulcus. The ambient gyrus, formed mainly by the entorhinal cortex, occupies the anterior and inferior parts of this segment. Superior and inferior division of the posterior uncal segment are separated by uncal sulcus. The inferior part, formed by the parahippocampal gyrus, is occupied by the entorhinal area. Inferior surface of the anterior uncal segment is occupied by the entorhinal cortex which is limited on the lateral side by the rhinal sulcus anteriorly and the collateral sulcus posteriorly. The posterior limits of the entorhinal area and uncus are considered same. The hippocampal head forms the superior part of the uncus while fimbria of fornix is present at its posterior limit. Further, the superior part of uncus accommodates three small gyri, the uncinate gyrus, the band of Giacomini, and the intralimbic gyrus. The band of Giacomini is the continuation of the dentate gyrus. The intralimbic gyrus contains the CA3 and the CA4 regions of the hippocampal formation. Hippocampal tail is formed by the fasciolar gyrus and its continuation, the subsplenial gyrus located beneath the splenium [ Figures 2-5 ]. [10, 11] 
Materials and Methods
Donors under 60 years of age, without the history of neuropathological diseases in their clinical records, were included in the study. Twenty-six formalin-fixed human cerebral hemispheres (13 right and 13 left hemispheres) were obtained from human cadavers donated to the human brain tissue repository, Department of Neuropathology, NIMHANS, Bengaluru, India with informed consent of the relatives for use of the whole brain for biomedical research and education.
Dissection technique
Before dissection, the specimen-specific surface anatomy of the cerebral hemisphere was studied to direct the initial steps of the dissection. Dissection of the specimen was performed using wooden spatulas, blunt and fine forceps, and microdissectors with 1-3 mm tips. Lateral to medial sequential dissection, steps were undertaken using a binocular surgical dissection microscope under 6X to 40X magnification (Leica F12, Germany) and an indigenous surgical suction system. Numerous digital photographs were taken in different views of the specimen at every dissection step by a digital camera (NIKON D5200) with F-36, ISO-100 settings, and macrolens (Tamron SP AF 90 mm, f/2.8 Di macrolens) with wireless remote Speedlight (Nikon SB-R200) and the microscope camera (×6 magnification) for analysis and record. Between each dissection session, the specimens were kept in water to prevent dryness, to retain elasticity, and to facilitate a smoother dissection.
Surface-based qualitative analysis
After thorough identification of various dissected and undissected neuroanatomical areas on mesial temporal lobe in each cerebral hemisphere, different areas and its variations were qualitatively tabulated under well-defined, moderately defined, and ill-defined classification. Observed neuroanatomical areas having clearly distinguishable limits, boundaries, or features were identified as well defined, areas appearing vague, not having a clear description or limits as ill defined, and those with certain clarity in their presentation and distinguishable features falling neither of above two categories were classified as moderately defined areas.
Results
Among the twenty-six specimens, uncus (100%), limen insulae (88.4%), rhinal sulcus and hippocampus (81%), intralimbic gyrus (77%), Heschl's gyrus (73%), gyrus ambiens, semilunar gyrus, and sulcus semiannularis (69.2%) were found to be well defined, internal carotid artery along with its branches. In parallel with developing microneurosurgical techniques, many new surgical approaches and anatomic corridors to this region have been described. [11, [20] [21] [22] [23] [24] For a safe surgical approach, a neurosurgeon should be laced with sufficient anatomical knowledge of medial temporal lobe and possible variations in the neuroanatomical areas found in the temporal lobe region. [21] Although many studies have identified gyral morphology and their right-left asymmetries, [25, 26] anatomic variations of mesial temporal lobe structures and their differences between the right and left hemispheres in the human brain per se were never reported. [27] [28] [29] [30] Temporal lobe asymmetry Functional and structural asymmetries are the norms of human cerebral hemispheres. The renowned Broca's area for left hemispheric language specialization is a classical case of functional asymmetry. [31] Almost a century later, discovery of structural asymmetry between the right and left plana temporale [32] wherein the left side was found to be involved with the language function advocates the presence of some sort of interrelationship between the structural asymmetries and the lateralization of brain functions.
Uncus
Uncus was well defined in 100% of specimens with good interhemispheric symmetry. This could be due to the presence of well-developed underlying white fiber tracts. [33, 34] These findings indicate that the area of uncus is quite consistent, both between hemispheres and across the specimens. [35] [Figures 2, 4, 9, 10, 11a-c and Tables 1, 2 ]. To the best of our knowledge, this is the first surface-based qualitative study of uncus reporting bilateral symmetry. However, in another postmortem study of schizophrenic temporal lobe, the uncus demonstrated R > L asymmetry. [35] Heschl's gyrus Heschl's gyrus was found to be well defined in 73% and moderately defined in 11.5% specimens [ Figures 5, 12 , 11a-c and Tables 1, 2 ]. This well-seen macroanatomical observation could be again due to the presence of underlying prominent white matter tracts. [33, 34] Out of thirteen left-sided hemispheres, all (100%) specimens showed well-defined gyri. On the other hand, in 13 right-sided hemispheres studied, 6 (46%) right-sided hemispheres showed well-defined and 3 (23%) showed moderately defined and 4 (31%) reflected ill-defined gyri. This leftward asymmetrical distribution of Heschl's gyrus is in concurrence with various other studies reporting left-sided predominance of Heschl's gyrus which may be due to the known left hemisphere speech and band of Giacomini (38.4%) was observed to be distinctly ill-defined areas in the list. Detailed anatomic identification of mesial temporal lobe areas under well-defined [ Figures 2-8 ], moderately defined, and ill-defined [ Figures 9 and 10 ] classification are summarized in Table 1 . Table 2 .
Right and left asymmetry
Chi-square test is based on the assumption that the expected count is >5 in 80% of the cells. This assumption is violated in our study in almost all parameters due to small number of cases reported under ill-defined and moderately defined category; hence, moderately defined and well-defined categories were combined and analyzed using Fisher's exact test which is used for 2 × 2 tables and is applied for small sample sizes.
Data were analyzed using Fisher's exact test. Interesting trends of consistent L > R asymmetry was observed in many areas, but these findings were statistically nonsignificant (P > 0.05). For areas limen insulae, dentate gyrus, fasciolar gyrus, intralimbic gyrus, band of Giacomini and hippocampus, P value was found to be 1.000. While P value for Heschl's gyrus (P = 0.096), uncinate gyrus (P = 0.220), gyrus ambiens (P = 0.593), sulcus semiannularis, semilunar gyrus, rhinal sulcus (P = 0.593) and amygdala (P = 0.322) were reported.
Discussion
As Sir William Osler aptly quoted, "variability is the law of life, and as no two faces are the same, so no two bodies are alike and no two individuals react alike and behave alike under the abnormal conditions which we know as disease." Learning of anatomy is incomplete without the knowledge of variations. It is an uncomfortable fact that unusual, sometimes wonderful, and often problematic anatomical variations occur in humans all the time, and neuroanatomy is no exception to this dogma. Medial temporal region is an extremely complex area of brain from both anatomical and surgical viewpoints. This area is a common site for various pathologies such as tumors. [16] [17] [18] It is also the most common region implied in drug-resistant epilepsy, [19] thereby serving as an area critical for various surgical approaches. Treatment of temporal lobe pathologies is demanding due to their close spatioanatomical relationship with important neurovascular structures such as optic radiations and dominance. [26, 33, [36] [37] [38] [39] [40] While certain postmortem studies have also reported rightward asymmetries in Heschl's gyrus. [32, 41] However, there are few studies, reporting presence of bilateral symmetry in the surface area of the anterior Heschl's gyri [37] or in the area of primary auditory cortex. [42] Limen insulae The limen insulae is positioned in the bottom of the Sylvian fissure and forms the anterobasal portion of the insula [ Figure 5 ]. Cytoarchitecturally, limen insulae consist of agranular and rostral dysgranular regions, which has connections with the primary olfactory cortex, amygdala, hippocampus, temporopolar cortex, and Brodmann area along with other perilimbic areas. [43, 44] In view of these reports, we noticed strong morphological-positive correlation between limen insulae (well defined in 88.4%), hippocampus (well defined in 81%), and amygdale (well defined in 69.2%) [ Figure 12 and Table 1 ]. In addition, all the 3 areas have shown leftward asymmetry, i.e., limen insulae -right: 77%; left: 100%, hippocampus -right: 77%; left: 85% and amygdale -right: 46%; left: 92.3% [ Figure 11a -c and Table 2 ], yet again hinting to be a possible anatomical correlate of the lateralization of their functions. Other areas of interest Semilunar gyrus and gyrus ambiens separated by semilunar sulcus (sulcus semilunaris) overlying the amygdale form the anterior segment of uncus. In our study, we noticed cortical covering formed by the abovementioned sulcus and gyri showed surface relationship with the deeply located amygdale, i.e., semilunar gyrus was observed to be well defined in 69.2% and ill defined in 15.3%, gyrus ambiens was well defined in 69.2% and ill defined in 15.3%, and semilunar sulcus was well defined in 69.2% and ill defined in 11.5% of the total specimens studied, whereas amygdale was found to be well defined in 69.2% and ill defined in 19.2% of total samples studied. Thus, anterior uncal segment surface anatomy relationship of semilunar gyrus, gyrus ambiens, and semilunar sulcus was found to be proportional with deeply located amygdala. Similarly, the posterior uncal segment structures such as intralimbic gyrus (well defined 77%, ill defined in 8%) and uncinate gyrus (well defined in 81%, ill defined in 4%) showed proportional relationship with deeply located head of hippocampus (well defined in 81%, ill defined in 1%). However, band of Gioacomani, another area seen among posterior uncal segment, was found to be equally well defined and ill defined in 38.4% cases reflecting no definite proportional relationship with deeply located hippocampal head containing dentate gyrus [ Figures 2-4 , 7-12 and Tables 1, 2] .
Band of Giacomini
Most of the dentate gyrus is not exposed onto the brain surface; its visible parts in medial surface of sagittal half of cerebrum include the band of Giacomini in the posterior uncal segment, the margo denticulatus in the head, and fasciolar gyrus in the tail of hippocampus. [45] Similar to the findings of earlier studies, [45] the present study concurred with the band of Giacomini which was found to be not the most visible part of dentate gyrus; it was well defined only in 38.4% of specimens in our observation. On the other hand, in comparison to the band of Giacomini, the margo denticulatus part of dentate gyrus and fasciolar gyrus was well defined in 65.3% of cases.
Intralimbic and uncinate gyri form the cortical covering of hippocampal head. In our study, we found a positive correlation between the surface anatomical (intralimbic gyrus well defined in 77% and uncinate gyrus well defined in 81% cases) and subcortical structures (hippocampal head well defined in 81% cases).
The rhinal sulcus courses along the entire length of amygdala, head of the and body (mid half) of hippocampus, thereby stretching across the entire length of uncus. [46] In the present study, a strong positive correlation was found between the rhinal sulcus and posterior uncal segment. Rhinal sulcus was well defined in 81% of samples with a strong positive correlation with corresponding posterior uncal segment showing intralimbic gyrus in 77% and uncinate gyri in 81% samples. On the other hand, the band of Giacomini (38.4%), one of the parts of posterior uncal segments, showed negative correlation with rhinal sulcus (81%). A near-positive correlation was observed among anterior uncal segment consisting of semilunar and ambiens gyri (69.2%) and semilunar sulcus (69.2%) with rhinal sulcus (81%). Similarly, uncinate gyrus (81%) showed strong positive correlation The most striking result of the present study was the consistent L > R asymmetry in most of the areas, except uncus which showed bilateral symmetrical pattern. Leftward asymmetry was observed in all the areas under well-defined category. On the contrary, rightward asymmetry was noticed under moderately defined and ill-defined categories but with lower percentage values, thereby reflecting overall leftward asymmetry in temporal lobe areas [ Table 2 ]. Our findings were in concurrence with various other studies. [33, 36, 42] Rightward symmetry observations were reported by other studies in Heschl's gyrus [47] and primary auditory cortex. [39] The present study is of its kind as it involves exploration of temporomesial region through the blunt dissection technique. The reported variations are not only difficult to visualize with routinely used 3 Tesla magnetic resonance imaging but also equally challenging to reproduce the similar observations owing to low resolution. On the other hand, the blunt dissection technique is inexpensive; more educative skill with high reproducibility and its incorporation into neurosurgical education becomes need of the hour.
Limitations
• Small sample size • Gender-specific and handedness analysis and observation.
Conclusion
Temporal lobe seems to be a seat of neuroevolutionary engineering reflecting the makeup of all types of cortices ranging from small poorly developed 3-layered archicortex (hippocampus, dentate, and fasciolar gyri) to 3-4-layered transitional region (entorhinal cortex) to a well-developed 6-layered neocortex (Heschl's gyrus). It will not be equally surprising to find anatomical variations in this highly transitional region, especially in medial temporal lobe. Mesial temporal lobe being the area of high neurosurgical significance, the information generated from our surface-based qualitative observations may yield further insight into the neurosurgical anatomy and may contribute to the development of safe and minimally invasive neurosurgical procedures for neurosurgeons.
The consistent finding of L > R asymmetry in the present study further substantiates the prevalent notion that the left temporal lobe is slightly larger than the right, and this could be attributed to the volume of white matter which may be due to the disparity in the cellular arrangement of the two hemispheres. These findings also raise an interesting question whether "bigger is better" or these structural asymmetries found in mesial temporal lobe structures are in turn may be related to some sort of abnormal functional organization in waiting. 
